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Since the isolation of circular cp' DNA from Euglena gracilis (15) , several reports have appeared dealing with the isolation and characterization of cp DNA from a wide variety of plants (7, 11, 12) . More detailed analysis, especiaily of the genetic organization of the cp DNA (1, 13, 14, 20) revealed both similarities and differences between the chloroplast DNA from different species.
Similarities were found in buoyant density, contour length, kinetic complexity, and genetic organization (e.g. the location and orientation of the ribosomal RNA genes) of all cp DNA from higher plants.
Generally, c3p DNA of higher plants have a buoyant density of ±1.697 g cm , a contour length of ±45 um (corresponding to a mol wt of about 90 million), a kinetic complexity of ± I x 108 D, and an inverted repeat orientation of the two ribosomal RNA genes, with the possible exception of pea cp DNA, which might have those genes in tandem (13) .
On the other hand, cp DNA from unicellular organisms like E.
gracilis and Chiamydomonas reinhardii differ from those of higher plants in terms of buoyant density, genetic organization (9, 10, 14, 17) , and contour length (2 
RESULTS AND DISCUSSION
The cp DNA of S. oligorrhiza gave rise to a rather broad band in a density gradient (Fig. 1) , which suggests that the preparation was somewhat heterogeneous in length and/or composition, with a peak at 1.698 -± 0.002 CM-3 By preparative density gradient centrifugation, the buoyant density of cp DNA was found to be 1.699 0.003 gr cm3 (Fig. 2) (6) . The thermal denaturation profile of cp DNA (Fig. 3) shows (at least) two melting regions: The presence of a second melting region, which indicates intramolecular heterogeneity, was previously shown to be present in E.
gracilis and Spinacia oleracea cp DNA (4, 5) , and recently in cp DNA of five more species of higher plants (19) , although in those cases even more thermal subtransitions were detected. Obviously, the melting properties of Spirodela cp DNA are comparable with those of other cp DNA species.
The cp DNA, isolated by CsCl gradient centrifugation and dialyzed against TE buffer, was examined under the electron microscope. Approximately 60o of the DNA molecules was found to have a circular conformation (Fig. 4) , whereas only a very few were super-twisted (Fig. 5) . Although no molecules were observed having a contour length longer than linear cp DNA, the presence of some contaminating nuclear DNA couldn't be ruled out completely. Since almost all molecules were nicely spread on a very smooth and regular protein film, we concluded that the DNA preparation contained hardly any contaminating protein.
Measuring about 40 molecules, the average contour length was calculated to be 54.1 ± 1.8 ,um, which is considerably longer than the value of 45 ,um reported for other cp DNA from higher plants (7, 12) .
The frequency distribution of measured lengths of cp DNA molecules has a gaussian shape (Fig. 6A) . Only a very few molecules were observed having a contour length shorter (N = 2, 44 ,um) or longer (N = 1, 62 ,um) than the mean contour length.
That the unusual length of S. oligorrhiza cp DNA is not the result of an artificial enlargement of the contour length, caused by differences in the experimental circumstances, was demonstrated by measuring the contour length of 30 molecules of co-spread Acanthamoebe castellanii mitochondrial (mt) DNA as well. In this case, a contour length of 13.1 ± 0.4,um was found (Fig. 6B) , which differs only 2% from the value of 12.8 ± 0.8 ,im determined by Bohnert (3). In summary, S. oligorrhiza cp DNA, like many other cp DNA species, is a circular molecule with a buoyant density of 1.698 ± 0.002 g cm 3, a G + C content of 37%, and an at least bimodal melting behavior. Length measurements, however, revealed a considerably longer contour length of 54.1 ± 1.8 ,Am, which corresponds to a mol wt of 115 to 120 x 106. This was confirmed by adding up the mol wt of the fragments generated by digestion of intact cp DNA with Psti, Smal, Sac,, or Xho5 restriction endonucleases (unpublished results).
Therefore, the Spirodela plastome appears to be about 10 Jim longer than most other cp DNA species, suggesting the possibility of a 25% surplus of informational content.
